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,QWKHODVWIHZ\HDUVDUHWXUQRILQWHUHVWWRZDUGVJDVROLQH
IXHOOHG HQJLQHV LV H[SHULHQFHG LQ WKH PDUNHW DV HPLVVLRQ
FRQFHUQV PDLQO\ RQ 6227 DQG12[ DUH FRPSOLFDWLQJ WKH
GHYHORSPHQW RI ³FOHDQ´'LHVHO HQJLQHV DW DIIRUGDEOH SULFHV
WKXV SXVKLQJ WKH HQJLQH UHVHDUFK JXLGHOLQHV LQWR KLJKO\
VXSHUFKDUJHGDQGGRZQVL]HGVSDUNLJQLWLRQ6,HQJLQHV7KH
TXHVW IRU ORZHU HPLVVLRQV DQG LQFUHDVHG IXHO HFRQRP\ KDV
JLYHQDQHZHIIRUWLQWKHGHPDQGIRUKLJKHUOHYHORIWKHUPDO
HIILFLHQF\LQLQWHUQDOFRPEXVWLRQHQJLQHV,&(V7RDFKLHYH
WKHVH WDUJHWV WKH UHGXFWLRQ RI WKH RYHUDOO HQJLQH VL]H DQG
ZHLJKW DUH VHHQ DV WKH RSWLPDO VROXWLRQ 7KH FRPPRQO\
DFFHSWHG SUDFWLFH WR REWDLQ WKLV LV WR KLJKO\ FRPSUHVV WKH
LQWDNHFKDUJHE\PHDQVRIWXUERFKDUJHUVRUVXSHUFKDUJHUVLQ
FRQMXQFWLRQZLWKGLUHFWLQMHFWLRQRIIXHOZLWKLQWKHF\OLQGHUWR
FRXQWHUEDODQFH WKH FKDUJH KHDWLQJ ,Q IDFW LQ VSDUN LJQLWLRQ
HQJLQHV LQFUHDVHG OHYHOVRI LQF\OLQGHUSUHVVXUHKDYHDOZD\V
EHHQ OLPLWHG E\ WKH DULVLQJ RI DEQRUPDO FRPEXVWLRQ
SKHQRPHQD ,Q SDUWLFXODU WKH DXWRLJQLWLRQ RI JDVROLQHOLNH
IXHO LQWKHRXWHUUHJLRQVRI WKHFRPEXVWLRQFKDPEHUSULRU WR
WKH PDLQ IODPH SURSDJDWLRQ JLYHV ULVH WR D FRPSOH[ DQG
LQWHQVH V\VWHP RI SUHVVXUH ZDYHV 7KLV SKHQRPHQRQ LV
FRPPRQO\ QDPHG NQRFN 7KH SUHVVXUH ZDYHV UHIOHFW RQ
FRQFUHWH ZDOOV RI WKH FRPEXVWLRQ FKDPEHU DV ZHOO DV RQ
SLVWRQ KHDG DQG YDOYHV DQG LQGXFH D YDULHW\ RI GDPDJLQJ
PHFKDQLVPV WKDW HYHQWXDOO\ OHDG WR VHYHUH HQJLQH IDLOXUHV
7KHVH LQFOXGH UHPRYDO RI WKH OXEULFDQW ILOP LQFUHDVLQJ
IULFWLRQDQGZHDUDQGODUJHIOXFWXDWLRQVRIWKHKHDWIOX[WRWKH
FRPEXVWLRQ FKDPEHU ZDOOV DIIHFWLQJ WKH KLJK F\FOH IDWLJXH
VWUHQJWKGXHWRWKHUPRPHFKDQLFDOORDGLQJV












'XULQJ H[SHULPHQWDO LQYHVWLJDWLRQV DW WKH HQJLQH WHVW EHG KLJK F\FOHWRF\FOH YDULDELOLW\ ZDV GHWHFWHG HYHQ IRU





7KHPRGHOKHUHSUHVHQWHGLVD WRWDOO\VWDQGDORQHWRROIRUDXWRLJQLWLRQDQDO\VLV LQWHJUDWHGZLWK ORRNXSWDEOHUHDGLQJ
IURPGHWDLOHGFKHPLFDONLQHWLFVFKHPHVIRUJDVROLQH7KHORRNXSWDEOHDFFHVVLVSURYLGHGE\DPXOWLOLQHDULQWHUSRODWLQJ
URXWLQH LQWHUQDOO\ GHYHORSHG DW WKH ³*UXSSR0RWRUL *UX0R´RI WKH8QLYHUVLW\ RI0RGHQD DQG5HJJLR(PLOLD$V WKH
H[SHULPHQWDO WHVWVZHUHFRQGXFWHGRSHUDWLQJ WKHHQJLQHDWNQRFNOLPLWHGVSDUNDGYDQFH WKH WRRO LVDW ILUVWYDOLGDWHG IRU
WKUHHGLIIHUHQW/(6F\FOHVLQWHUPVRINQRFNWROHUDQFHLHWKHVDIHW\PDUJLQWRNQRFNRFFXUUHQFH
$V D VHFRQG VWDJH WKH YDOLGDWLRQ RI WKHPHWKRGRORJ\ LV SHUIRUPHG IRU GLVFUHWH VSDUN DGYDQFH LQFUHDVHV LQ RUGHU WR
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RFFXUUHQFHWKURXJKWKHFKDUJHFRROLQJHIIHFWSURYLGHGE\WKH
HYDSRUDWLRQ RI WKH IXHO LQVLGH WKH FRPEXVWLRQ FKDPEHU
+RZHYHU ZLWK WKH LQFUHDVLQJ GHPDQG IRU KLJKHU ERRVW
SUHVVXUHV NQRFN VWLOO UHPDLQV RQH RI WKH PRVW VHYHUH
SHUIRUPDQFHOLPLWHUVLQ6,HQJLQHVVXFKDVWKHHQJLQHXQGHU
LQYHVWLJDWLRQ LQ WKH SUHVHQW ZRUN 7KLV LV PDGH HYHQ PRUH
FRPSOH[ E\ F\FOHWRF\FOH YDULDELOLW\ &&9 WKDW VWURQJO\
DIIHFWV WKH NQRFNWHQGHQF\ TXDOLW\ RI HDFK VLQJOH HQJLQH
F\FOH7KHVHIHDWXUHVDUHUHOLHYHGLQWKHLQYHVWLJDWHGHQJLQHD
KLJKO\GRZQVL]HG DQG WXUERFKDUJHG ',6, HQJLQH FXUUHQWO\
XQGHUSURGXFWLRQE\)HUUDUL6S$
7KH HQJLQHRSHUDWLQJ FRQGLWLRQ LQYHVWLJDWHG LQ WKHSDSHU
LV WKH SHDNSRZHU HQJLQH VSHHG  USP IXOO ORDG RQH
7KLV KLJKUHYYLQJ VSHHG KLJK ORDG DQG UHODWLYHO\ VWDEOH
RSHUDWLQJ SRLQW WXUQV RXW WR EH VHYHUHO\ OLPLWHG E\ NQRFN
RQVHWDV UHOLHYHGE\H[SHULPHQWDOPHDVXUHPHQWVFDUULHGRXW
E\ WKH HQJLQH PDQXIDFWXUHU $V D FRQVHTXHQFH D UHGXFHG
VSDUN DGYDQFH LV QHHGHG LQ RUGHU WR OLPLW WKH SUREDELOLW\ RI
DEQRUPDOFRPEXVWLRQHYHQWV
)URP WKH SRLQW RI YLHZ RI QXPHULFDO DQDO\VHV
FRQVROLGDWHG &)' VLPXODWLRQV EDVHG RQ WKH 5H\QROGV
$YHUDJHG 1DYLHU 6WRNHV 5$16 DSSURDFK DUH QRW DEOH WR
GHDO ZLWK &&9 LVVXHV DV WKH WLPHDYHUDJH RSHUDWHG LQ WKH
QXPHULF IUDPHZRUN ³D SULRUL´ UHPRYHV DQ\ IOXFWXDWLQJ
FKDUDFWHULVWLFV RI WKH HQJLQH RSHUDWLRQ 5HVXOWV IURP WKHVH
VLPXODWLRQV DUH HQVHPEOH DYHUDJHG F\FOHV WKDW FDQ EH YHU\
OLWWOHXVHIXOZKHQGHDOLQJZLWKFRQVLGHUDEOH&&9DQGKLJKO\
XQVWDEOH RSHUDWLQJ FRQGLWLRQV VXFK DV WKRVH YHU\ FORVH WR
NQRFN
5HFHQW SURJUHVVHV LQ FRPSXWDWLRQDO UHVRXUFHV PDGH LW
SRVVLEOH WKH DSSOLFDWLRQRI D FRQVROLGDWHGQXPHULF DSSURDFK
FDOOHG /DUJH (GG\ 6LPXODWLRQ /(6 DOVR WR HQJLQHHULQJ
SUREOHPV DQG FRPSOH[ JHRPHWULHV VXFK DV UHFLSURFDWLQJ
HQJLQHV>@>@,Q/(6VLPXODWLRQVRQO\DILOWHULQJLQVSDFHLV
FDUULHG RXW ZKLOH QR ILOWHULQJ LQ WLPH LV SHUIRUPHG 7KH
LQWULQVLF XQVWHDGLQHVV RI/(6PRGHOLQJ RI IOXLGVPDNHV LW D
YHU\ ZHOO VXLWHG WRRO IRU &&9 DQDO\VLV RI FRPEXVWLRQ LQ
HQJLQHVDVLWLVH[WHQVLYHO\UHSRUWHGLQDSUHYLRXVZRUN>@






7KH QXPHULFDO DQDO\VHV KHUH UHSRUWHG DUH SDUW RI WKH
GDWDVHWSUHVHQWHGLQ>@,QSDUWLFXODUDVWKHDLPRIWKHVWXG\
LV WR IRFXV RQ WKH FRPEXVWLRQ SURFHVV QHLWKHU LQWDNH RU
H[KDXVWSRUWVDUHQHHGHG7KHLQLWLDOFRQGLWLRQVIRUHDFKF\FOH
FRPHIURPWKHDIRUHPHQWLRQHGGDWDVHWRIIXOOF\FOHDQDO\VHV
DQG D VROXWLRQ PDSSLQJ SURFHGXUH LV SHUIRUPHG RQWR WKH
FORVHGYDOYH PHVK ZLWKRXW WKH SRUWV 7KH UHVXOWLQJ JULG LV
FRQVLVWLQJ RI DERXW  FHOOV DWPLGFRPSUHVVLRQ VWURNH
DQGDERXWFHOOVDW7RS'HDG&HQWHU7'&
7KH /(6 DSSURDFK FKRVHQ IRU VXEJULG WHUP FORVXUH LV
EDVHG RQ WKH 6PDJRULQVN\ HGG\ YLVFRVLW\ PRGHO ZKLOH IRU
FRPEXVWLRQ PRGHOLQJ WKH (&)0=/(6 LV DGRSWHG LQ WKH
IUDPHZRUNRI6WDU&'6SUD\PRGHOLQJDQGZDOOKHDWWUDQVIHU
UHO\ RQ 5$16GHULYHG VXEPRGHOV DQG VWDQGDUG ZDOO
IXQFWLRQDVDIXOO/(6PRGHOLQJLVVWLOOXQGHUGHYHORSPHQW






$ FRPSOHWHPRGHOOLQJ RI DFWXDOIXHO FRPEXVWLRQ LVZHOO
NQRZQ WR EH D WDVN EH\RQG WKH SUHVHQW OLPLW RI FRPEXVWLRQ
FKHPLVWU\NQRZOHGJHDVDUHDOIXHOLVFRPSRVHGE\KXQGUHGV
RI GLIIHUHQW K\GURFDUERQV EUDQFKHG DQG VWUDLJKW FKDLQ
SDUDIILQDURPDWLFVDOFRKROVHWF$VDFRQVHTXHQFHGHWDLOHG
PHFKDQLVPV IRU FRPEXVWLRQ FKHPLVWU\ PRGHOOLQJ DUH
DYDLODEOH MXVW IRU ELQDU\ RU WHUWLDU\ EOHQGV XVXDOO\ FDOOHG
VXUURJDWHIXHOV
,QDGGLWLRQWRWKLVDFRPSOHWHLQWHJUDWLRQRIFKHPLVWU\LQ





7KHUHIRUH UHGXFWLRQ VWUDWHJLHV IRU FKHPLFDOPHFKDQLVPV
KDYH EHHQ D VWULFW XUJHQF\ VLQFH D ORQJ WLPH 7KH XVXDO
DSSURDFK DGRSWHG LV WR UHVXPH WKH FKHPLFDO NLQHWLFV RI
VLPLODU K\GURFDUERQV E\ D XQLTXH VSHFLHV µOXPSHG¶ RU
µVNHOHWDO¶ DSSURDFKHV RU WR QHJOHFW LQWHUPHGLDWH UHDFWLRQV
DQG VSHFLHV ZKRVH UHOHYDQFH LV YHU\ ORZ LQ WKH RYHUDOO
FKHPLVWU\ GHVFULSWLRQ $OO WKHVH WHFKQLTXHV DUH DLPHG DW
UHGXFLQJ WKH QXPEHU RI VSHFLHV LQYROYHG LQ FRPEXVWLRQ
FKHPLVWU\
,Q WKH SDVW GHFDGHPXFK RI WKHPRGHOOLQJ HIIRUW LQ IXHO
FKHPLVWU\ZDVGHYRWHG WR'LHVHO VXUURJDWH7KLVZDV LQ OLQH
ZLWKWKHUHVHDUFKFRPPLWPHQWRQWR'LHVHOFRPEXVWLRQZKLFK
LQ WXUQ KLJKO\ EHQHILWHG RI WKHVH HIIRUWV*DVROLQHOLNH IXHOV
ZHUH XVXDOO\ UHSUHVHQWHG DV D ELQDU\ EOHQG RI LVRFWDQH
&+ DQG QKHSWDQH &+ 7KHVH DUH FRPPRQO\
UHIHUUHG WR DV3ULPDU\5HIHUHQFH)XHOV 35) ,Q WKH UHFHQW
GHFDGHV DV HQJLQH WHFKQRORJ\ SURJUHVVHG LW EHFDPH FOHDU
WKDW WKH VWDQGDUG IXHO UDWLQJ EDVHG RQ WKH 521 DQG 021
WHVWV FRXOG QRW DFFXUDWHO\ UHSUHVHQW WKH IXHO EHKDYLRXU
DQ\PRUH EHFDXVH RI WKH IXHO VHQVLWLYLW\ GHILQHG DV WKH
GLIIHUHQFH EHWZHHQ521 DQG021 >@ )URP DPRGHOOLQJ




,Q WKLV VWXG\ WKUHH GLIIHUHQW EOHQGV DUH HYDOXDWHG IRU
JDVROLQH VXUURJDWH DOO RI WKHP FRQWDLQLQJ GLIIHUHQW YROXPH
SHUFHQWDJHV RI LVRFWDQH DQG WROXHQH 7KH WROXHQH SUHVHQFH
)RQWDQHVLHWDO6$(,QW-)XHOV/XEU9ROXPH,VVXH$SULO
THIS DOCUMENT IS PROTECTED BY U.S. AND INTERNATIONAL COPYRIGHT.
It may not be reproduced, stored in a retrieval system, distributed or transmitted, in whole or in part, in any form or by any means.
Downloaded from SAE International by Stefano Fontanesi, Saturday, February 23, 2013 02:48:46 AM
DORQJVLGHZLWK WKH ORRNXS WDEOH DSSURDFK WKDWZLOO EH ODWHU
GHVFULEHG DUHERWK LQWHQGHG WR LQFOXGH LQ WKH&)'DQDO\VHV
WKHFRPSOHWHDXWRLJQLWLRQGHOD\FKDUDFWHULVWLFVW\SLFDORIHDFK
EOHQG
,Q WKH PRGHOOLQJ IUDPHZRUN DGRSWHG LQ WKLV ZRUN WKH
FRPEXVWLRQFKDPEHULVFRQVLGHUHGDVDWZR]RQHUHJLRQWKH
IRUPHU EHLQJ WKH UHJLRQ ZKHUH UHJXODU FRPEXVWLRQ LH




7KH QXPHULFDO DQDO\VLV RI WKH IRUPHU LV WUHDWHG E\ WKH
(&)0/(6 FRPEXVWLRQ PRGHO ZKLOH IRU WKH ODWWHU WKH
FKHPLVWU\SURJUHVV RI WKH DXWRLJQLWLRQ HYHQW LV FRQWLQXRXVO\
WUDFNHG E\ D GHGLFDWHG URXWLQH WKDW ZLOO EH ODWHU EULHIO\
GHVFULEHG




WKH DXWRLJQLWLRQ GHOD\V DUH VWRUHG LQ D WDEXODWHG GDWDEDVH
ZKLFK LV ILQDOO\ VXSSOLHG WR WKH &)' FRGH DQG DFFHVVHG WR
GXULQJWKHFDOFXODWLRQ
7KH DXWRLJQLWLRQ GHOD\ LV GHILQHG DV WKH WLPH ZKHQ WKH
PD[LPXP VORSH IRU WHPSHUDWXUH LQFUHDVH LV GHWHFWHG
+RZHYHU SDUDOOHO WHVWLQJ FDUULHG RXW E\ WKH DXWKRUV ZLWK
GLIIHUHQW GHILQLWLRQV HJ PD[LPXP PROH IUDFWLRQ RI 2+
UDGLFDO OHG WR YHU\ VLPLODU UHVXOWV HQIRUFLQJ WKH LGHD WKDW
GLIIHUHQWGHILQLWLRQVRIGHOD\VGRQRWDIIHFWWKHJOREDOUHVXOWV
$ PXOWLOLQHDU LQWHUSRODWLQJ URXWLQH ZDV GHYHORSHG DW
*UXSSR0RWRULRI8QLYHUVLW\RI0RGHQDLQRUGHUWRFDOFXODWH
DQ DSSUR[LPDWH GHOD\ IRU HDFK FRPELQDWLRQ RI WKH IRXU
YDULDEOHV GULYLQJ DXWRLJQLWLRQ LH SUHVVXUH WHPSHUDWXUH
PL[WXUHVWUHQJWKDQGUHVLGXDOOHYHO6LQFHWKHH[DFWFHOOZLVH
YDOXH LV JHQHUDOO\ QRW VWRUHG DV DQ LQSXW SRLQW IRU WKH
GDWDEDVH DQ H[DFW UHVXOW IRU WKH GHOD\ LV QRW DYDLODEOH DQ
LQWHUSRODWLQJ WHFKQLTXH DPRQJVW WKH IRXU LQGHSHQGHQW
YDULDEOHV LV WKHUHIRUH GHYHORSHG (DFK YDULDEOH LV ERXQGHG
ZLWKLQ WKH VPDOOHVW WKUHVKROG UHOLHYHG LQ WKH GDWDEDVH WKHQ
ELQDU\LQWHUSRODWLRQLVFDUULHGRXWIRUWZRRIWKHVHZKLOHWKH
WKLUG DQG IRXUWK DUH NHSW IL[HG DW WKH ORZHUHQG YDOXH 7KH
UHSHWLWLRQRI WKLVSURFHGXUHDW WKHIL[HGKLJKHUHQGYDOXHIRU
WKH WKLUG FRRUGLQDWH JLYHV D ILUVW UHVXOW ZKLFK LV WKH
LQWHUSRODWLRQ RI WKH ILUVW WKUHH YDULDEOHV )RU DOO WKHVH
RSHUDWLRQV WKH ORZHUHQG YDOXH LV NHSW IL[HG IRU WKH IRXUWK
RQH 7KH UHSHWLWLRQ RI WKH HQWLUH ORRS IRU WKH KLJKHUHQG
IRXUWK YDULDEOH JLYHV D VHFRQG SRLQW DQG WKH VXEVHTXHQW
LQWHUSRODWLRQEHWZHHQWKHSUHYLRXVO\FDOFXODWHGSRLQWDQGWKLV
VHFRQG RQH LV WKH ILQDO UHVXOW RI WKH LQWHUSRODWLRQ 7KH






LV WDNHQ LQWR DFFRXQW E\ PHDQV RI D SDVVLYH WUDQVSRUWHG
VFDODU ZKRVH PDVV IUDFWLRQ LV KHUHDIWHU FDOOHG <,* 7KH




$XWRLJQLWLRQ LV WUDFNHG DV VRRQ DV WKH SUHFXUVRU
FRQFHQWUDWLRQ ORFDOO\ HTXDWHV WKH IXHO WUDFHU FRQFHQWUDWLRQ
<7) ,W LV WKHQSRVVLEOH WRGHILQH D.QRFN7ROHUDQFH VFDODU
IXQFWLRQ DV WKH ORFDO GLIIHUHQFHEHWZHHQ WKH IXHO WUDFHU DQG
WKHLQWHUPHGLDWHVSHFLHV

7KLV VFDODU ZLOO EH XVHG WKURXJKRXW WKLV VWXG\ DV D
PHDVXUHRIPRUHRUOHVVSURQRXQFHGNQRFNWHQGHQF\
$W WKH SUHVHQW VWDJH RI GHYHORSPHQW WKLV PRGHO RQO\





7ZR PDLQ DGYDQWDJHV FKDUDFWHUL]LQJ WKH PRGHOOLQJ
VWUDWHJ\DUHKHUHGHVFULEHG)LUVWWKHDGRSWHGIUDPHZRUNIRU
DXWRLJQLWLRQ PRGHOOLQJ DOORZV WKH XVH RI UHVXOWV IURP
PHFKDQLVPV RI DQ\ OHYHO RI GHWDLO DV LQ WKH FDVH RI //1/
JDVROLQH VXUURJDWHDW DYHU\ OLPLWHGQXPHULFFRVW VLQFH WKH
&)' FRGH RQO\ LQWHUSRODWHV WKH ORRNXS WDEOH GDWD IRU WKH
DXWRLJQLWLRQ GHOD\ DQG LW KDV WR VROYH MXVW RQH DGGLWLRQDO
WUDQVSRUW HTXDWLRQ IRU WKH LQWHUPHGLDWH VSHFLHV 1R GLUHFW
FKHPLVWU\PRGHOOLQJ LV WKHUHIRUH LQYRNHG LQ WKH &)' FRGH
WKXVQHJOLJLEO\DIIHFWLQJWKHFRPSXWDWLRQDOGHPDQG6HFRQG
WKH PHWKRGRORJ\ IRU DXWRLJQLWLRQ SUHGLFWLRQ LV FRPSOHWHO\
SDVVLYH VR WKDW LW FDQ EH GHFRXSOHG IURP WKH PDLQ
FRPEXVWLRQ HYHQW WKXV HQDEOLQJ LWV XVH LQ FRQMXQFWLRQZLWK
DQ\DGRSWHGFRPEXVWLRQPRGHO0RUHRYHU IURPDPRGHOLQJ
VWDQGSRLQW WKLV DSSURDFK FRQVWLWXWHV D VLJQLILFDQW SURJUHVV
ZLWK UHVSHFW WR WKH XVXDO SUHGLFWLRQ RI NQRFN EDVHG RQ WKH
HPSLULFDO FRUUHODWLRQVRI'RXDXG	(\]DW >@(YHQ LI WKHLU
HIILFLHQF\ LQ SUHGLFWLQJ NQRFN RQVHW SKDVLQJ KDV ORQJ EHHQ
UHFRJQL]HGDQGWKH\DUHVWLOOZLGHO\DGRSWHGWKH\ODFNRIDQ\
FKHPLVWU\EDVHG IXQGDPHQWDO PDNLQJ WKHLU XVH LQ WKLV /(6
DSSURDFKDXQGHVLUHGDSSUR[LPDWLRQ
$VDGUDZEDFNNQRFNWHQGHQF\KDVWREHLQYHVWLJDWHGIRU
HYHU\ F\FOH EHFDXVH QR HYLGHQFH RI NQRFN RFFXUV IURP
SUHVVXUH IOXFWXDWLRQV0RUHRYHUPXOWLF\FOH DQDO\VHV WDNLQJ
LQWR DFFRXQW WKH DXWRLJQLWLRQ VHOIHQIRUFLQJ WHQGHQF\ IURP
WKHSUHYLRXVNQRFNLQJ F\FOHV DUHQRW SRVVLEOH DW WKHSUHVHQW
VWDJHDQGDUHFRQVLGHUHGDVLJQLILFDQWVWHS IRUPHWKRGRORJ\
LPSURYHPHQW)LQDOO\QRSRVWNQRFNDQDO\VLV LV FDUULHGRXW
DV LW LV FRQVLGHUHG PRUH VLJQLILFDQW WR WUDFH LQ GHWDLO WKH
SUR[LPLW\WRNQRFNUDWKHUWKDQH[DFWO\HYDOXDWHWKHPD[LPXP
DPSOLWXGH RI SUHVVXUH IOXFWXDWLRQ DQG GHDO ZLWK NQRFN
PHWULFV7KLVNLQGRIUHVXOWLVUHDOO\GLIILFXOWWRFRUUHODWHZLWK
)RQWDQHVLHWDO6$(,QW-)XHOV/XEU9ROXPH,VVXH$SULO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WKH H[SHULPHQWDO SUDFWLFH PRVWO\ EHFDXVH WKHUH LV QRW D
VWDQGDUG IRU NQRFN PHDVXUHPHQW DQG HYHU\ HQJLQH








D SURSULHWDU\ EOHQG IRU D FRPPHUFLDO 521 JDVROLQHZLWK
QR HWKDQRO DGGLWLRQ QDPHG 521( FRXUWHV\ RI IXHO
VXSSOLHU
7+(2PHFKDQLVPE\-&$QGUDHHWDO>@XVHGIRUD
FRPPHUFLDO JDVROLQH ZLWK  HWKDQRO FRQWHQW E\ YROXPH
FRXUWHV\ RI IXHO VXSSOLHU(YHQ LI WKH RFWDQH UDWLQJ RI WKLV
EOHQGLVVOLJKWO\ORZHUWKDQ521LWLVQDPHG521(
  /DZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\ //1/
*DVROLQH 6XUURJDWH 0HFKDQLVP D GHWDLOHG PHFKDQLVP IRU
JDVROLQH VXUURJDWH ZDV UHFHQWO\ SXEOLVKHG E\ /DZUHQFH
/LYHUPRUH 1DWLRQDO /DERUDWRU\ //1/ >@ 7KH VXUURJDWH
DGRSWHG LQ WKLV VWXG\ LV WKH RQH SURSRVHG E\9DQKRYH DW DO
>@ FRQVLVWLQJ RI LVRFWDQHWROXHQHKH[HQH     
PRO
,WZRUWKWRSRLQWRXWWKDWERWKEOHQGVEDVHGRQWKH7+(2
PHFKDQLVPV VKRZ D YHU\ OLPLWHG QHJDWLYH WHPSHUDWXUH
FRHIILFLHQW 17&FKDUDFWHULVWLFZKLFK LVDFRPPRQIHDWXUH
IRUEOHQGVZLWKDYHU\KLJKFRQWHQWRIDURPDWLFWROXHQH2Q
WKH FRQWUDU\ WKH //1/ PRGHO KDV D PRUH PDUNHG 17&
IHDWXUH 7KLV LV H[SHFWHG WR UHVXOW LQ VOLJKWO\ ORQJHU GHOD\
WLPHV IRU WKLV IXHO EOHQG (DFK RI WKH WKUHH PHFKDQLVPV LV
XVHGWRJHQHUDWHDIXHOVSHFLILFORRNXSWDEOHRIDXWRLJQLWLRQ
GHOD\VE\PHDQVRIDFRQVWDQWSUHVVXUH UHDFWRUPRGHO LQ WKH
IUDPHZRUNRI'$56%DVLF6RIWZDUH>@6DPSOHWHVWLQJRI
WKH WKUHH PHQWLRQHG EOHQGV LQ W\SLFDO HQJLQH FRQGLWLRQV LV
UHSRUWHGLQ)LJXUHDQG
7KH S 7 ĭ (*5 UDQJHV DUH FKRVHQ ZLWK WKH LQWHQW WR
IXOO\FRYHUWKHVHWRIWKHUPRFKHPLFDOFRQGLWLRQVIRUXQEXUQW
JDVUHOLHYHGLQWKHLQYHVWLJDWHGDQDO\VLV7KHVDPHVDPSOLQJ
VSDFH LV DGRSWHG IRU WKH WKUHH ORRNXS WDEOHV HDFK RI WKHP
FRQVLVWLQJRIDQDO\]HGFRQGLWLRQV
$ VLQJOH F\FOH LV FKRVHQ DPRQJVW WKH DYDLODEOH RQHV IRU




H[SHULPHQWV VKRZHG LW DV WKH NQRFN OLPLWHG VSDUN DGYDQFH
FRQGLWLRQ./6$
 GHWHFWDEOHDQGZLGHNQRFNLQJSKHQRPHQDDUHH[SHFWHGIRUD
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+HUHDIWHU WKH PDLQ FRPEXVWLRQ IHDWXUHV RI WKH 6$




DQG WKH FRQVHTXHQW JURZWK LQ WKHUPRG\QDPLF ORDGLQJ IRU
XQEXUQW JDV $V SUHYLRXVO\ SRLQWHG RXW WKH DEVHQFH RI
SUHVVXUHIOXFWXDWLRQVLVVROHO\GXHWRWKHSDVVLYHNQRFNPRGHO
DGRSWHG DQG LV QRW DQ LQGH[ RI UHJXODU FRPEXVWLRQ
GHYHORSPHQW )XUWKHU LQYHVWLJDWLRQV DUH QHHGHG LQ RUGHU WR
DVVHVVWKHDEVHQFHRUQRWRIDXWRLJQLWLRQHYHQWV
/RFDOSUREHDQDO\VLV
$ ILUVW TXDOLWDWLYH DQDO\VLV RI DXWRLJQLWLRQ SURJUHVV LV
FRQGXFWHG E\ PHDQV RI IRXU ORFDO SUREHV ORFDOL]HG DW WKH
RXWHUERUGHURI HDFKYDOYHSRFNHW7KHPRWLYDWLRQ IRU WKHVH
PHDVXUHPHQWVLVWKDWWKHVHUHJLRQVDUHZHOONQRZQWREHYHU\
IDYRXUDEOH WR NQRFN RQVHW 7KHUHIRUH D ORFDO WUDFNLQJ RI





+RZHYHU LW LV LPSRUWDQW WR DQWLFLSDWH WKDW EHLQJ ORFDO
PHDVXUHPHQWVDWIL[HGORFDWLRQVLWLVQRWSRVVLEOHWRSUHGLFWLI
NQRFNZLOOHYHQWXDOO\RFFXUDWWKHYHU\VDPHORFDWLRQVRULQD






WKUHH EOHQGV WKDW FRXOG DOORZ FRQVLGHUDWLRQV LQGHSHQGHQW RI





,Q )LJXUHV DEF WKH .QRFN 7ROHUDQFH WKURXJKRXW
FRPEXVWLRQ LV UHSRUWHG IRU WKH WKUHH EOHQGV IRU JDVROLQH
VXUURJDWHDVZHOODVWKHORFDOFRPEXVWLRQSURJUHVV
)RU H[SHULPHQWDO 6$ QRQH RI WKH EOHQGV XQGHU
LQYHVWLJDWLRQ VKRZV ]HUR RU QHJDWLYH .QRFN 7ROHUDQFH LH
YHULILHG DXWRLJQLWLRQ FULWHULRQ 7KLV FRQILUPV WKDW LQ WKH
VHOHFWHGORFDWLRQVWKHNQRFNLQJFRQGLWLRQLVQHYHUUHDFKHG




FOHDUO\ H[FHHGHG IRU ERWK WKH 7+(2EDVHG EOHQGV ZLWK D
ORFDO FRPEXVWLRQ SURJUHVV VWLOO YHU\ FORVH WR QXOO YDOXH LH
NQRFNLQJLVYHULILHGLQDIXOO\XQEXUQWUHJLRQ




KLJK USP FRQGLWLRQ LQYHVWLJDWHG VPDOO GLIIHUHQFHV LQ
DXWRLJQLWLRQGHOD\VFDQUHVXOWVLQYHU\GLIIHUHQW&$IRUNQRFN
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6WDWLVWLFDODQDO\VLV





WKH VXEGLYLVLRQ LV WKH JHRPHWULFDO FHQWUH RI WKH WRSYLHZ RI
WKHFRPEXVWLRQFKDPEHUDOWKRXJKWKHVSDUNSOXJORFDWLRQLV
VKLIWHGWRZDUGVWKHH[KDXVWVLGHRIWKHFRPEXVWLRQFKDPEHU
7KH XQEXUQW JDV DUH LGHQWLILHG E\ PHDQ RI D WKUHVKROG
YDOXHIRUSURJUHVVYDULDEOHRIFRPEXVWLRQDQGWKH\FRQVWLWXWH
WKHVWDWLVWLFDOEDVLVIRUWKLVDQDO\VLV
7KH UHVXOW LV D VHW RI VHFWRUEDVHG 3')V HDFK RI WKHP
JLYLQJ WKH GLVWULEXWLRQ RI WKH DQDO\]HG SK\VLFDO YDULDEOH IRU
WKHVSHFLILFVHFWRUDWDVSHFLILF&$
$Q LPPHGLDWH DQG UHDVRQDEOH FKRLFH IRU 3') DQDO\VLV
ZRXOG EH WKH DXWRLJQLWLRQ GHOD\ 7KH LQVWDQWDQHRXV 3') RI
WKLV ZRXOG JLYH D FOHDU LQGLFDWRU RI KRZ IDVW LV WKH
DXWRLJQLWLRQ SURJUHVV DSSURDFKLQJ 7KLV PHDVXUH LV FORVHO\
UHODWHG WR D UHDFWLRQUDWH LGHDEXWJLYHVQR LQGLFDWLRQDERXW
WKH HIIHFWLYH SUR[LPLW\ RI WKH NQRFN HYHQW LH WKH
DXWRLJQLWLRQFKHPLVWU\SURJUHVVVWDWXV
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,Q RUGHU WR GUDZ FRKHUHQW FRQFOXVLRQV DPRQJVW
FRPEXVWLRQVFKDUDFWHUL]HGE\GLIIHUHQWSURJUHVVKLVWRULHVGXH
WR WKHSURJUHVVLYH LQFUHDVH LQ6$DYHU\ ODWHFUDQNDQJOH LV




WR WUDFN WKH SUR[LPLW\ RI WKH GLVWULEXWLRQ WR DXWRLJQLWLRQ IRU
HDFKRIWKHWKUHHDQDO\]HGIXHOVXUURJDWHV
7KH UHVXOWLQJ 3')V IRU WKH LQYHVWLJDWHG 6$ VZHHSV DUH
UHSRUWHG LQ )LJXUH DEF IRU WKH IRXU VHFWRUV RI WKH
FRPEXVWLRQFKDPEHU
)LJXUH D UHIHUV WR WKH H[SHULPHQWDO 6$ DQG VKRZV WKDW
QRQH RI WKH EOHQGV LV FORVH WR WKH QXOO YDOXH IRU .QRFN
7ROHUDQFH DW WKH HQG RI WKH FRPEXVWLRQ SURFHVV 7KLV LV D
FOHDU LQGLFDWRU WKDW WKH H[SHULPHQWDO 6$ LQ WKH VLPXODWLRQV
QHYHU UHDFKHV DXWRLJQLWLQJ FRQGLWLRQV IRU DQ\ RI WKH
FRPEXVWLRQ FKDPEHU VHFWRUV 7KLV UHVXOW FRQILUPV WKH WUHQG
REVHUYHG LQ )LJXUH D DQG LW LV LQ DJUHHPHQW ZLWK
H[SHULPHQWV
)RU D PRGHUDWH LQFUHDVH LQ WKH 6$ )LJXUH E QRQ
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0RUHRYHU WKH 521( EOHQG VKRZV D 3') VOLJKWO\
VKLIWHG WRZDUGV ORZHU YDOXHV EHFDXVH RI LWV ORZHU RFWDQH
UDWLQJPDNLQJ WKLVEOHQGPRUH UHDFWLYH DQG OHVV UHVLVWDQW WR





KDOI RI WKH VDPSOHV EHORZ WKH .QRFN 7ROHUDQFH QXOO YDOXH
$JDLQWKLVFRQILUPVWKHORFDOREVHUYDWLRQVUHSRUWHGLQ)LJXUH
F DQG ERWK LQGLFDWH D ZLGH DQG LQWHQVH DXWRLJQLWLRQ
SKHQRPHQRQ 7KH//1/*DVROLQH 6XUURJDWH DJDLQ VKRZV D
PDUJLQ WR NQRFNLQJ FRQGLWLRQV +RZHYHU DV SUHYLRXVO\
SRLQWHG RXW WKH JRDO RI WKLV ILUVW YDOLGDWLRQ LV WR DVVHVV D
JHQHUDO WUHQG WKDW LV QRW UHO\LQJ RQ D VSHFLILF EOHQG
PHFKDQLVP $PRQJ WKH WKUHH DQDO\]HG 6$V RQO\ WKH
H[SHULPHQWDO RQH DFKLHYHV VDIHW\ FRQGLWLRQV ZLWK DOO WKH
JDVROLQH VXUURJDWHV XVHG IRU DXWRLJQLWLRQ PRGHOLQJ )RU D
PRGHUDWH LQFUHDVH RI 6$ VRPH RI WKH FKHPLVWU\ VFKHPHV
VKRZ DQ RQVHW RI DXWRLJQLWLRQ DQG DQ HYHQ PRUH FULWLFDO
VLWXDWLRQLVREVHUYHGIRUDKLJKHULQFUHDVHLQ6$
$V WKH 7+(2EDVH EOHQGV ZHUH PRGHOOHG E\ WKH IXHO
VXSSOLHURIWKHLQYHVWLJDWHGHQJLQHWKH\DUHFRQVLGHUHGDVWKH
UHIHUHQFHRQHVIRUWKLVZRUN
0RUHRYHU GLIIHUHQFHV FDQ EH VHHQ EHWZHHQ WKH GLIIHUHQW
FKHPLFDOVFKHPHVDQGEOHQGVXVHGIRUWKHDQDO\VLV7KHVHDUH
H[SHFWHG GXH WR WKH GLIIHUHQW OHYHO RI GHWDLO RI WKH
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PRGHOVDUHFRQVLGHUHGDFFHSWDEOH WRYDOLGDWHDPHWKRGRORJ\
WKDWLVQRWIXHOGHSHQGHQW
7KH UHPDUNDEOH UHVXOW LV WKDW IRU QRQH RI WKH WKUHH
PHFKDQLVPVEOHQGVD3') IRUQHJDWLYHYDOXHVRI WKH.QRFN
7ROHUDQFH IXQFWLRQRFFXUV IRU WKHH[SHULPHQWDO6$DQG WKLV
LVLQDJUHHPHQWZLWKWKHH[SHULPHQWDORSHUDWLQJSRLQW
)RU DPRGHUDWH LQFUHDVH LQ6$ WKHUH LV D QRQQHJOLJLEOH
SUREDELOLW\ WR PHDVXUH QHJDWLYH YDOXHV RI WKH .QRFN
7ROHUDQFH IXQFWLRQ 7KLV PHDQV WKDW WKHUH DUH IOXLG FHOOV
ZKHUH WKH QXPHULF FULWHULRQ IRU DXWRLJQLWLRQ LV PHW DQG
H[FHHGHG
,W LV YHU\ LPSRUWDQW WR UHPHPEHU WKDW WKH F\FOH XQGHU
LQYHVWLJDWLRQ LV D VDPSOH RQH DQG &&9 ZLOO KDYH WR EH
FRQVLGHUHG 7KLV SXVKHV WKH XUJHQF\ WR GLVFDUG WKLV
PRGHUDWHO\LQFUHDVHG6$DVHYHQDVLQJOHF\FOHDQDO\VLVGRHV
QRW FRPSOHWHO\ VDWLVILHV WKH NQRFNVDIH FRQGLWLRQ
UHTXLUHPHQW
7KH SUHVHQWHG VHW RI UHVXOWV FRQILUPV WKH NQRFNOLPLWHG
FRQGLWLRQIRUWKHH[SHULPHQWDO6$DQGWKHUHIRUHFRQVWLWXWHVD
YDOLGDWLRQ RQ WKH SUHGLFWLYH FDSDELOLW\ RI WKH WRRO KHUH
SUHVHQWHG
$ IXUWKHU UHVXOW IURP WKH 6$ VZHHS FRPSDULVRQ LV WKDW
ZKHQ WKHDXWRLJQLWLQJFRQGLWLRQRFFXUV WKH WZRVLGHVRI WKH
FRPEXVWLRQ FKDPEHU LH LQWDNH VLGH DQG H[KDXVW VLGH DUH






FKDPEHU ,W LV ZRUWKZKLOH WR XQGHUOLQH WKDW WKH 3') LV DQ
LQWHQVLYH UHSUHVHQWDWLRQ RI WKH XQEXUQW SK\VLFDO VWDWH LH LW
GRHVQRWJLYHDQ\LQIRUPDWLRQRQWKHPDVVRIXQEXUQWJDV$





$V WKH WRRO IRU $, SUHGLFWLRQ LV YDOLGDWHG DJDLQVW
H[SHULPHQWDO FRQGLWLRQV IRU D VLQJOH F\FOH ZLWK GLIIHUHQW
FKHPLFDO VFKHPHV IRU JDVROLQH FKHPLVWU\ WKH IROORZLQJ
DQDO\VHV GHDO ZLWK WKH DSSOLFDWLRQ RI WKH SURSRVHG WRRO WR
GLIIHUHQW FRPEXVWLRQ F\FOHV 7KH DLP RI WKLV VHFRQG SDUW RI
WKH VWXG\ LV WKHUHIRUH WR YHULI\ ZKHWKHU WKH DPSOLWXGH RI
F\FOHWRF\FOH YDULDWLRQV &&9 SUHGLFWHG E\ WKH /(6





7KH DSSURDFK DGRSWHG KHUHDIWHU FDQ EH FRQVLGHUHG
FRPSOHPHQWDU\ WR WKDW RI WKH ILUVW VHW RI UHVXOWV D VLQJOH






7KH WKUHHF\FOHVDUHFKRVHQZLWK WKH VSHFLILFDLP WR WHVW
WKH DXWRLJQLWLRQ WRRO XQGHU WKH EURDGHVW UDQJH RI FRQGLWLRQV
DYDLODEOHZLWKLQ WKH/(6 GDWDVHW )RU WKLV SXUSRVH WKHPRVW
H[WUHPHF\FOHVDYDLODEOHDUHVHOHFWHGDQGDUHKHUHDIWHUQDPHG
&\FOH $ &\FOH % DQG &\FOH & &\FOH $ LV WKH F\FOH
LGHQWLILHG IRU JDVROLQH VXUURJDWH FRPSDULVRQ LQ WKH SUHYLRXV
VHFWLRQ





ORFDO SUREHV LV UHSHDWHG RQ HDFK RI WKH WKUHH F\FOHV $OEHLW
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D ILUVW LQVLJKW LQWR WKH DXWRLJQLWLRQ FKDUDFWHULVWLFV DW YHU\
NQRFNVXVFHSWLEOHORFDWLRQV
8QGHU WKH H[SHULPHQWDO 6$ DXWRLJQLWLRQ FRQGLWLRQV DUH
UHDFKHGLQDYHU\OLPLWHGVHWRIHQJLQHORFDWLRQVDQGIRUYHU\
ODWH &$V LH ZKHQ WKH PDLQ FRPEXVWLRQ HYHQW LV DOPRVW
FRPSOHWHG 7KHVH UHVXOWV FDQ EH H[SODLQHG FRQVLGHULQJ WKDW
NQRFN FRQGLWLRQV FDQ EH YHULILHG ZLWKLQ WKH WKLQ OD\HU RI
XQEXUQWJDVDGMDFHQWWRWKHFROGZDOOVZKHUHWKHIODPHIURQW
LV H[WLQJXLVKLQJ 'HVSLWH WKH IDFW WKDW ORFDO IUHVK FKDUJH




VSRWV )RU DQ\ 6$ LQFUHDVH D FOHDU WUHQG HPHUJHV ZLWK WKH
ORFDO .QRFN 7ROHUDQFH DEUXSWO\ GHFUHDVLQJ WR QXOO YDOXHV





GHVFULSWLRQ RI WKH XQEXUQW JDVHV LQ WHUPV RI DXWRLJQLWLRQ
SUR[LPLW\ LV KHUH DSSOLHG WR WKH WKUHH DQDO\]HG/(6 F\FOHV
7KH DSSOLFDWLRQ FRQVLVWV WKHUHIRUH RI D PDWUL[ RI WKUHH
GLIIHUHQWHQJLQHF\FOHVFKRVHQZLWKWKHDLPRIFDSWXULQJWKH
KLJKHVWOHYHORI&&9ZLWKLQWKHDYDLODEOH/(6GDWDEDVHDQG
WKUHH GLIIHUHQW 6$V 7KH REVHUYDWLRQV DUH DOO UHODWLYH WR
&$$7'& EHLQJ WKH EXUQWPDVV IUDFWLRQ FORVH WR 
IRUDOOWKHFDVHVDVSUHYLRXVO\GLVFXVVHG
$ QHFHVVDU\ HQKDQFHPHQW IURP WKH SUHYLRXVO\ GHVFULEHG
VWDWLVWLFDO DQDO\VLV LV D ILOWHULQJ SURFHGXUH RQ XQEXUQW JDV
7KLVLVILUVWFDUULHGRXWLQRUGHUWRRSHUDWHVWDWLVWLFDODQDO\VLV
RQ D FRKHUHQW GDWDVHW $V GLIIHUHQW F\FOHV LH IORZ
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FRPEXVWLRQ GHYHORSPHQW WKH YROXPH RI XQEXUQW JDV PD\
YDU\ VLJQLILFDQWO\ IURP RQH F\FOH WR DQRWKHU 7KLV ZRXOG
PDNHWKHVWDWLVWLFDODQDO\VLVYROXPHGHSHQGHQWZKLOHDPRUH
LQWHQVLYH VWXG\ RI WKH SK\VLFDO VWDWH RI WKH XQEXUQW JDV LV
SXUVXHGLQWKLVVWDJH
)RU WKLV UHDVRQ RQO\ WKH IOXLG FHOOV WKDW IRU D JLYHQ&$
VWD\EHORZDWKUHVKROGYDOXHRIWKHSURJUHVVYDULDEOHLQDOOWKH
FRPEXVWLRQ F\FOHV LQYHVWLJDWHG DUH FRQVLGHUHG DV µXQEXUQW¶
7KH XQGHUO\LQJ LGHD LV WKDW WKRVH FHOOV EHLQJ DERYH WKH
WKUHVKROG YDOXH IRU MXVW VRPH RI WKH UHDOL]DWLRQV WKH\ DUH
VXEMHFWHG WR WKH IODPH EUXVK YDULDELOLW\ DPRQJVW GLIIHUHQW
F\FOHV 7KHUHIRUH WKH\ FDQQRW EH SURSHUO\ DGGUHVVHG WR DV
µHQG JDV¶ DQG WKH\ FDQ EH GLVFDUGHG IURP WKH GDWDVHW IRU
NQRFN DQDO\VLVZLWKRXW DQ\ VLJQLILFDQW ORVV LQ WKH VWDWLVWLFDO
FROOHFWLRQ 7KH WKUHVKROG YDOXH IRU XQEXUQW ILOWHULQJ LV NHSW
WKHVDPHDVWKHSUHYLRXVVHFWLRQ
$ ILUVW YLVXDOL]DWLRQ RI WKH SUR[LPLW\ WR NQRFNLQJ
FRQGLWLRQV LQ WKH FXUUHQW VHW RI /(6 VLPXODWLRQ LV JLYHQ E\
VFDWWHUSORWVRIDXWRLJQLWLRQUHODWHGYDULDEOHVIRUXQEXUQWJDV
$V SUHYLRXVO\ GHVFULEHG WKH NQRFN PRGHO UHOLHV RQ WKH






SURJUHVVLYHO\ DSSURDFKHV WKH NQRFN OLPLW OLQH LH WKH
<,* <7)FRQGLWLRQZKHUHNQRFNRFFXUV









THIS DOCUMENT IS PROTECTED BY U.S. AND INTERNATIONAL COPYRIGHT.
It may not be reproduced, stored in a retrieval system, distributed or transmitted, in whole or in part, in any form or by any means.
Downloaded from SAE International by Stefano Fontanesi, Saturday, February 23, 2013 02:48:46 AM
)URP WKH DERYH SORWV YDOXDEOH FRQVLGHUDWLRQV FDQ EH
GUDZQ $ ILUVW REVHUYDWLRQ DOORZV WR FRQILUP WKDW IRU WKH
H[SHULPHQWDO 6$ )LJXUH D WKH NQRFN OLPLW OLQH LV QHYHU
UHDFKHG IRU HDFK RI WKH WKUHH F\FOHV $V SUHYLRXVO\
DQWLFLSDWHG WKHVH DUH FKRVHQ LQ RUGHU WR LQWURGXFH WKH
PD[LPXP OHYHO RI &&9 FRPSDWLEOHZLWK H[SHULPHQWV ZLWK
WKH DLP WR EURDGO\ WHVW WKH DXWRLJQLWLRQ DQDO\VLV WRRO 7KH
UHVXOWVFRQILUPWKDWQRDXWRLJQLWLRQLVSUHGLFWHGRSHUDWLQJWKH






F ZLWK DOO WKH F\FOHV H[KLELWLQJ DXWRLJQLWLRQ FRQGLWLRQV
)LJXUHEDQGFUHODWLYHWRLQFUHDVHVLQ6$LQGLFDWHWKDWWKH
UDQJHRIWKHUPRG\QDPLFFRQGLWLRQVLQKHUHQWWRWKHSUHGLFWHG
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LW DSSHDUV WR EH PRUH UHSUHVHQWDWLYH RI WKH DXWRLJQLWLRQ
SURJUHVV G\QDPLFV 7KH SUHYLRXV VFDWWHU SORWV FDQ EH
UHSUHVHQWHG LQ WKH IRUP RI 3') GLVWULEXWLRQ RI WKH .QRFN
7ROHUDQFHIXQFWLRQ
,Q)LJXUHVDEF WKH WUHQGRINQRFN WHQGHQF\JLYHQE\
WKH3')VUHIOHFWVWKHRYHUDOOLQF\OLQGHUSUHVVXUHGHSLFWHGLQ
)LJXUHVDEFZLWK&\FOH&FKDUDFWHUL]HGE\KLJKHUSUHVVXUH
OHYHO DQG ORZHU .QRFN 7ROHUDQFH YDOXHV WKDQ &\FOH $ DQG
&\FOH%
)LJXUH D FRQILUPV WKH HYDOXDWLRQV GUDZQ IURP WKH
VFDWWHU SORWV SUHVHQWHG LQ )LJXUH D LH QRQH RI WKH
LQYHVWLJDWHG F\FOHV VKRZLQJ D 3') RI .QRFN 7ROHUDQFH







RQH 7KLV LV D FOHDU LQGLFDWRU RI DQ XQEDODQFHG IODPH
GLVSODFHPHQWWRZDUGVWKHH[KDXVWVLGHDQGWKLVZLOOEHIXUWKHU
LQYHVWLJDWHGLQWKHODVWVHFWLRQ
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WR NQRFN WHQGHQF\ IRU HDFK RI WKH GLIIHUHQW VHFWRUV RI WKH
FRPEXVWLRQFKDPEHU
$ ILUVW VHW RI XVHIXO UHVXOWV LV WKH SRLQWZLVH WHPSHUDWXUH
WUDFH DW WKH SUHYLRXVO\ GHVFULEHG IRXU SUREHV ORFDWHG DW WKH
RXWHU ERUGHU RI HDFK YDOYH'XULQJPRVW RI WKH FRPEXVWLRQ
GHYHORSPHQW WKH WHPSHUDWXUH LQFUHDVHRFFXUULQJFORVH WR WKH




GXULQJ IODPH SURSDJDWLRQ LH GHIODJUDWLRQ WKHUHIRUH WKH
XQEXUQW JDV WHPSHUDWXUH YDULDWLRQ LV WKH UHVXOW RI WKH
FRPSHWLWLRQEHWZHHQ WKHSUHVVXUH LQFUHDVHDQG WKHZDOOKHDW
WUDQVIHU7RZDUGVWKHILQDOVWDJHVRIDUHJXODUFRPEXVWLRQWKH
IODPHTXHQFKLQJDWWKHZDOOVLQGLFDWHVWKHWLPHQHHGHGIRUWKH
IODPH WR UHJXODUO\ SURSDJDWH XS WR WKH ZDOOV 7KH SDVVLYH
NQRFNPRGHODGRSWHGLQWKLVVWXG\DOORZVWRREVHUYHMXVWWKH
HIIHFWVRIDUHJXODUSURSDJDWLRQDQGFRQVLGHUVHSDUDWHO\LIWKH
XQEXUQW JDV SURSHUWLHV DQG FRPSUHVVLRQ KLVWRU\ DOORZV WKDW
VSHFLILF UHJXODU FRPEXVWLRQ 7KH NH\ SDUDPHWHU IRU WKLV
DQDO\VLVLVWKH&$RIIODPHDUULYDO)URPWKHSRLQWRIYLHZRI
ORFDO SUREHV DW WKH ZDOOV WKLV FRUUHVSRQGV WR D VXGGHQ
LQFUHDVH LQ WHPSHUDWXUH PHDVXUHPHQW 7KLV FDQ EH HDVLO\
LGHQWLILHG LQ WKH WHPSHUDWXUH KLVWRU\ UHOLHYHG E\ HDFK SUREH
E\ DQ DEUXSW LQFUHDVH LQ WKH PHDVXUHG YDOXH $ WKUHVKROG
OLPLWRI.LVFKRVHQWRUHJLVWHUWKHORFDOIODPHDUULYDODV
VRRQDVWHPSHUDWXUHUHDFKHVDQGH[FHHGVWKLVYDOXH
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RI . 6LQFH QR GHYLDWLRQ LQ UHVXOWV LV UHOLHYHG WKH
SUHVHQWHGUHVXOWVFDQEHFRQVLGHUHGDVWKUHVKROGLQGHSHQGHQW
7KHUHVXOWVVXPPDUL]HGLQ7DEOHDUHDYHUDJHGRYHUWKH
WKUHH LQYHVWLJDWHG /(6 F\FOHV 7KH GDWDVHW LV WRR OLPLWHG WR
LQWURGXFH D VWDWLVWLFDO DQDO\VLVZKLFK LV EH\RQG WKH DLPVRI
WKLV VWXG\KRZHYHU LW DSSHDUVFOHDUO\ WKDW WKH LQWDNHVLGHRI
WKH FRPEXVWLRQ FKDPEHU XQGHUJRHV D YHU\ UHWDUGHG
SURSDJDWLRQZLWK UHVSHFW WR WKH H[KDXVWRQH7KLV LV HYLGHQW
DOVR IURP D YLVXDO DQDO\VLV RI ORFDO WHPSHUDWXUHV LQ )LJXUH
DEF 7DEOH  VKRZV DOVR WKDW WKLV FKDUDFWHULVWLF
FRPEXVWLRQ IHDWXUH LV QRW GHSHQGHQW RQ WKH VSHFLILF 6$
FKRVHQ DQG WKHUHIRUH HPHUJHV DV D PDLQ IHDWXUH RI WKH
FRPSOH[ LQWHUSOD\ EHWZHHQ WKH UHVLGXDO OHYHO RI WXPEOH
PRWLRQZKLFK FRQYHFWV WKH IODPH WRZDUGV WKH H[KDXVW VLGH
DQGWKHVSDUNSOXJGLVSODFHPHQWZKLFKLVVKLIWHGWRZDUGVWKH
H[KDXVW VLGH 7KHVH WZR HIIHFWV DUH WKRXJKW WR PXWXDOO\
HQIRUFHDUDSLGIODPHSURSDJDWLRQRQWKHH[KDXVWVLGHZKLOH
WKH LQWDNH FKDUJH LV VXEMHFWHG WR PXFK ORQJHU IODPH
SURSDJDWLRQ WLPHV EHIRUH EHLQJ FRPSOHWHO\ FRQVXPHG 7KLV




VWUHQJWK LQ WKH XQEXUQW JDV DV YLVLEOH LQ )LJXUH  ,Q
DGGLWLRQWRWKLVWKHLQMHFWLRQVWUDWHJ\LVVSHFLILFDOO\GHVLJQHG
WRGHOLYHUDQRYHUDOOKLJKHTXLYDOHQFHUDWLR
%RWK WKHVH FRQVLGHUDWLRQV DOORZ WR URXJKO\ FRUUHODWH WKH
PDVVRIIXHOLQWKHXQEXUQWJDVHVWRWKHLUYROXPHDQGWKLVWR
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7KH PDVV RI IXHO LQ WKH XQEXUQW JDV LV PHDVXUHG
WKURXJKRXW WKH FRPEXVWLRQ IRU WKH WKUHH /(6 F\FOHV XQGHU
LQYHVWLJDWLRQ DV ZHOO DV IRU WKH WKUHH 6$V $V H[SHFWHG D
UHGXFWLRQ LQ WKH IXHO PDVV RFFXUV LQ HYHU\ VHFWRU DV
FRPEXVWLRQ SURFHHGV DQG IXHO JHWV FRQVXPHG :LWKLQ WKLV
WUHQGWKHUHLVDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHLQWDNHVLGH
VHFWRUV DQG WKH H[KDXVW RQHV ZLWK WKH IRUPHU VKRZLQJ D
PXFKODUJHUDPRXQWRIXQEXUQWIXHO7KLVLVFOHDUO\YLVLEOHLQ
)LJXUH ZKLFK LV UHODWLYH WR WKH H[SHULPHQWDO 6$ IRU WKH
WKUHHF\FOHV
7KLV WUDLW LVDFRQVHTXHQFHRI WKHDOUHDG\GHSLFWHGIODPH
PRYHPHQW WRZDUGV WKH H[KDXVW VLGH RI WKH FKDPEHU $V
SUHYLRXVO\GLVFXVVHGWKLVFKDUDFWHULVWLFVLVFRPPRQWRHYHU\
6$LQYHVWLJDWHGDQGVLPLODUUHVXOWVDUHREVHUYHG
7KHUHIRUH WKH VLPSOH GHWHFWLRQ RI D NQRFNLQJ FRQGLWLRQ
IURP D FKHPLVWU\ YLHZSRLQW LV QRW VXIILFLHQW WR HYDOXDWH WKH
LQWHQVLW\RIWKHSKHQRPHQRQEHLQJLWDOVRODUJHO\GHSHQGHQW
RQWKHVLGHRIWKHFRPEXVWLRQFKDPEHUZKHUHLWLVORFDWHGDQG
WKH LQYROYHG IUHVK FKDUJH PDVV $V D VWUDLJKWIRUZDUG
H[DPSOHDQDXWRLJQLWLRQHYHQWDWWKHH[KDXVWVLGHLVOLNHO\WR
UHOHDVH D YHU\ OLPLWHG DPRXQW RI HQHUJ\ EHFDXVH RI WKH
XQEXUQWIXHOVKRUWDJHGXHWRWKHIDVWHUIODPHSURSDJDWLRQ2Q
WKHFRQWUDU\WKHVDPHHYHQWDWWKHLQWDNHVLGHZRXOGLQYROYH




UHODWHG WR WKHPDVVRIXQEXUQW IXHO LQ WKDW VSHFLILF VHFWRURI
WKH FRPEXVWLRQ FKDPEHU ,Q WKLV ZD\ D QRQGLPHQVLRQDO
IUDFWLRQRIIXHOVKRZLQJDXWRLJQLWLRQFRQGLWLRQVLVFDOFXODWHG
)LJXUHV DEF FRQILUP WKH DIRUHPHQWLRQHG
FRQVLGHUDWLRQV DERXW WKH DOPRVW QXOO GLIIHUHQFHV LQ WHUPV RI
DXWRLJQLWLRQ SURJUHVV EHWZHHQ WKH WZR VLGHV RI WKH
FRPEXVWLRQ FKDPEHU &RQVLGHULQJ WKH UHVXOWV GHULYLQJ IURP
)LJXUHLWFDQEHILQDOO\DUJXHGWKDWDKHDY\NQRFNLQJHYHQW
LV PXFK PRUH OLNHO\ WR RFFXU LQ WKH LQWDNH VLGH RI WKH
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$QDXWRLJQLWLRQPRGHO LVSUHVHQWHGDV D VWDQGDORQH WRRO
IRU NQRFNLQJ DQDO\VLV LQ&)' VLPXODWLRQV RI 6, HQJLQHV ,Q
WKH SUHVHQW VWXG\ WKH FRXSOLQJ ZLWK WKH 6PDJRULQVN\ /(6
PRGHO DQG (&)0/(6 FRPEXVWLRQ PRGHO DOORZV WR
LQWURGXFH WKH LQWULQVLF XQVWHDGLQHVV RI /(6 VLPXODWLRQ LQ
NQRFNLQJ DQDO\VHV 7KH FKHPLVWU\ IRU DXWRLJQLWLRQ LV
PRGHOOHG E\ PHDQV RI ORRNXS WDEOHV JHQHUDWHG E\ D
GHGLFDWHG VRIWZDUH '$56%DVLF SULRU WR&)'DQDO\VHV$
ILUVW YDOLGDWLRQ LV FDUULHG RXW E\ FRPSDULVRQ RI WKUHH
PHFKDQLVPVEOHQGVIRUJDVROLQHVXUURJDWHV7KHH[SHULPHQWDO
6$LVHYDOXDWHGDORQJVLGHDWZRVWHSLQFUHDVHRILWLQRUGHUWR
DVVHVV WKH ./6$ FRQGLWLRQ VHW GXULQJ WKH H[SHULPHQWV $
VDPSOHLQWHUPHGLDWHF\FOHLVFKRVHQIRUWKLVYDOLGDWLRQDQGDOO
WKH EOHQGV DUH FRPSDUHG RQ WKH VDPH IORZ UHDOL]DWLRQ 7KH
RQO\ 6$ WKDW UHVXOWV LQ QRQNQRFNLQJ FRQGLWLRQV LV WKH
H[SHULPHQWDORQHZKLOHHYHQIRUDPRGHUDWH LQFUHDVHRI6$
VRPHRI WKHIXHOPRGHOVSUHGLFWVQRQQHJOLJLEOHDXWRLJQLWLQJ
FRQGLWLRQV $ VHFRQG SDUW RI WKH VWXG\ LV IRFXVHG RQ
VHQVLWLYLW\ DQDO\VLV RI WKH SURSRVHG NQRFN WRRO WR F\FOLF
GLVSHUVLRQREWDLQHGWKURXJK/(6ZKLFKSURYHGWREHLQJRRG




SKHQRPHQRQZKLOH IRUPRGHUDWH DQG VLJQLILFDQW LQFUHDVH LQ
6$JUHDWO\LQFUHDVHGNQRFNWHQGHQF\LVGHWHFWHG
7KH PHWKRGRORJ\ DVVHVVPHQW IRU NQRFN FKDUDFWHUL]DWLRQ
SUHVHQWHGLQWKLVZRUNLVLQWHQGHGWREHDFRPSOHWHWRROIRUD
VWDWLVWLFDOGHVFULSWLRQRI WKHHQJLQHRSHUDWLRQDQG WRDGGUHVV
HQJLQH RSWLPL]DWLRQ DLPLQJ DW ERWK UHGXFLQJ &&9 DQG
LQFUHDVLQJ RYHUDOO HQJLQH HIILFLHQF\ 7KH WRRO SURYHV LWV
SUHGLFWLYH FDSDELOLWLHV LQ WHUPV RI NQRFN RQVHW WLPLQJ DQG
LQGLFDWLRQVDUHJLYHQDERXWIDYRXUDEOHORFDWLRQVIRUDEQRUPDO
FRPEXVWLRQ HYHQWV 3DUWLFXODUO\ WKH GHYHORSHG WRROVHW LV
FKDUDFWHULVHGE\ D OLPLWHG LPSDFW RQ WKH FRPSXWDWLRQDO FRVW
RI WKH VLPXODWLRQV ,Q IDFW NQRFNWHQGHQF\ DQDO\VHV FDQ
HIIHFWLYHO\ EH UHVWULFWHG WR WKH FORVHGYDOYH SRUWLRQ RI WKH
F\FOH DQG VHYHUDO LQGHSHQGHQW F\FOHV FDQ EH UXQ LQ SDUDOOHO
IRUGLIIHUHQWVSDUNDGYDQFHVDQGLQF\OLQGHUSDWWHUQVLQRUGHU
WREXLOGDFRQVLVWHQW VWDWLVWLFDOSRSXODWLRQRI UHVXOWV)RU WKH




$GDPR$'XUDQWL6³,QYHVWLJDWLRQRIERXQGDU\FRQGLWLRQHIIHFWVRQ WKHDQDO\VLVRI F\FOHWRF\FOHYDULDELOLW\RI D WXUERFKDUJHG *', HQJLQH´ ,QWHUQDWLRQDO &RQIHUHQFH RQ /(6 IRU,QWHUQDO&RPEXVWLRQ(QJLQH)ORZV 5XWODQG&-³/DUJHHGG\VLPXODWLRQVIRULQWHUQDOFRPEXVWLRQHQJLQHV$UHYLHZ´GRL &ROLQ2'XFURV)9H\QDQWH'3RLQVRW7 ³$7KLFNHQHG)ODPH0RGHO IRU /DUJH (GG\ 6LPXODWLRQV RI 7XUEXOHQW 3UHPL[HG&RPEXVWLRQ´3K\VLFVRI)OXLGV9RO1XPEHU .DOJKDWJL * ³$XWR,JQLWLRQ 4XDOLW\ RI 3UDFWLFDO )XHOV DQG,PSOLFDWLRQV IRU )XHO 5HTXLUHPHQWV RI )XWXUH 6, DQG+&&, (QJLQHV´6$(7HFKQLFDO3DSHU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7KLV UHVHDUFK ZDV IXQGHG E\ *UXSSR 0RWRUL IURP
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